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CONSTANT OUTPUT HIGH-PRECISION 
MICROCAPILLARY PYROTECHNIC 

INITIATOR 

BACKGROUND OF THE INVENTION 

A pyrotechnic initiator converts an electrical Signal into a 
controlled output flame. A primer generates a flash and a 
booster pellet converts the flash into a controlled burn that 
is provided at an outlet. The flame performs a function, for 
example ignition of a Volume of Solid, liquid, or gas pro 
pellant. 

Current ignition Systems, for example as disclosed in U.S. 
Pat. No. 5,588,366, are designed to ignite solid propellants. 
In Such Systems, the reaction generally results in an explo 
Sion that is difficult to precisely control, leading to variabil 
ity in the outcome. When the pyrotechnic is initiated, the 
outlet region of the propellant chamber disintegrates under 
the force of the reaction, and the resulting byproducts 
interfere with the flame. Consequently, the ignition is gen 
erally erratic and unpredictable, and therefore burning of the 
propellant is difficult to control in a repeatable fashion. 

With the advent of liquid and gel propellants that have the 
potential for a more consistent reaction, designers are find 
ing that contemporary chemical ignition Systems are inad 
equate for providing the level of precision required to take 
full advantage of the advantageous properties of the liquid 
and gel propellants. Liquid and gel propellants are com 
monly contained in a reservoir prior to combustion by the 
igniter in a reaction chamber. For liquid and gel propellants, 
the igniter performs two functions: displacement of a regen 
erative piston to initiate propellant injection; and generation 
of hot, high-pressure gas to ignite the cold liquid/gel pro 
pellant as it enters the combustion chamber. The parameters 
of interest are the rate of rise in pressure (i.e., mass and 
energy fluxes), the maximum pressure, and the duration of 
the igniter. Such parameters are tailored to the characteristics 
of the injection piston and the liquid/gel propellant reservoir, 
in order to ensure that the reservoir pressure is greater than 
the reaction chamber preSSure when the injector opens. Due 
to their poor flame distribution, conventional initiators are 
inadequate for operation with liquid and gel propellants. AS 
a result, designers resort to laser ignition technology, which 
is highly accurate, but, due to the complex nature of the 
technology, tends to be cumberSome and expensive, and 
therefore does not lend itself well to high-volume applica 
tions. 

SUMMARY OF THE INVENTION 

The present invention is directed to a high-precision 
pyrotechnic initiator well adapted for rapid, precise ignition 
of all forms of energetics, including liquid and gel energet 
ics. A rigid housing, for example formed of Stainless Steel, 
contains a pyrotechnic in a hermetically Sealed environment. 
The reaction of the pyrotechnic is confined to the housing. 
The release of energy creates a hot particulate in which the 
formation of Solids is mitigated or eliminated. The flame is 
directed down a microcapillary flash tube including a pri 
mary front vent and Secondary Side vents, which generates 
a more evenly distributed flame spread, and which increases 
System efficiency and reliability. A redundant dual bridge 
wire may also be provided for improving ignition reliability. 
The assembly thereby performs the combined functions of 
both an igniter and a flash tube and a complete ignition train 
is provided in a manner that overcomes the limitations of the 
conventional configurations. High internal chamber pressure 
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2 
is attained, and Superheated particulates are delivered 
through the vented flash tube, thereby creating a Sustained 
regenerative process, while avoiding long ignition delayS. 
The resulting System of the present invention is therefore 
Suitable for operation with liquid and gel propellants. 
A tube, referred to as a flash tube, can be mounted to the 

outlet for directing the flame, and Side vents can be provided 
on the flash tube for generating a more evenly distributed 
flame spread about the flash tube. 

In one aspect, the present invention is directed to a 
pyrotechnic initiator. The initiator includes a housing having 
an inner chamber and an outlet. A pyrotechnic charge is 
located within the chamber. The housing is of sufficient 
mechanical integrity to withstand internal pressure of the 
pyrotechnic charge when activated, Such that the internal 
preSSure is released at the outlet. 
The pyrotechnic initiator may further comprise a vent 

tube in communication with the outlet having a longitudinal 
primary vent for directing activated pyrotechnic charge from 
the inner chamber through an entrance aperture of the 
primary vent to an exit aperture. The pyrotechnic initiator 
may further include lateral Secondary Side vents in commu 
nication with the longitudinal primary vent for directing 
activated pyrotechnic charge to the Side of the vent tube. 
A groove may be formed in an outer Surface of the vent 

tube, and an O-ring positioned in the groove, for providing 
a barrier to escape of initiated pyrotechnic charge between 
the outer surface of the vent tube and the outlet. The O-ring 
preferably deforms upon activation of the pyrotechnic 
charge to Seal a gap between the outer Surface of the vent 
tube and the outlet. The width of the O-ring is preferably less 
than that of the groove to allow for equal distribution of 
preSSure from the initiated charge acroSS a Side Surface of the 
O-ring. 
The O-ring may comprise first, Second and third Sub-O- 

rings positioned adjacent each other in the groove. The first 
and third Sub-O-rings are positioned on opposite sides of the 
Second O-ring, in which case the first and third Sub-O-rings 
comprise Bakelite and wherein the Second O-ring comprises 
Neoprene. 
Abridge wire is included for conducting current to initiate 

activation of the pyrotechnic charge. In one example the 
bridge wire comprises first and Second redundant bridge 
wires that may be configured in a croSS pattern for distri 
bution of the current through the pyrotechnic charge. First 
and Second contact pins pass through the housing and are 
electrically coupled to corresponding first and Second por 
tions of the bridge wire for delivering current to the bridge 
wires. A pin Seal is provided along at least a portion of the 
bodies of the first and Second pins for Sealing the interface 
between the first and Second pins and the housing. 
A first moisture barrier may be provided at the entrance 

aperture of the primary vent, for example comprising a 
fluoropolymeric Seal. A retention sleeve, for example com 
prising nylon, may be provided in the chamber between the 
pyrotechnic charge and the vent tube for Securing the vent 
tube in the outlet. 
The pyrotechnic charge may comprise a material Selected 

from the group of materials consisting of cis-bis-(5- 
nitrotetrazolato) tetraminecobalt(III)perchlorate (BNCP), 
zirconium potassium perchlorate (ZPP), titanium-hydride 
potassium-perchlorate (THPP), and lead azide (PbN). 
The housing preferably comprises Stainless Steel of Suf 

ficient Structural integrity and/or composition So as to con 
tain the energy released by the pyrotechnic charge when 
activated. The housing may comprise a plurality of body 
portions that are welded together to form the housing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the more particular 
description of preferred embodiments of the invention, as 
illustrated in the accompanying drawings in which like 
reference characters refer to the same parts throughout the 
different views. The drawings are not necessarily to Scale, 
emphasis instead being placed upon illustrating the prin 
ciples of the invention. 

FIG. 1 is a croSS-Sectional view of a microcapillary 
initiator configured in accordance with the present invention 
in a dormant State, prior to activation. 

FIG. 2 is a cross-sectional view of the microcapillary 
initiator of FIG. 1 during activation, in accordance with the 
present invention. 

FIG. 3A is a croSS-Sectional closeup view of the region of 
the O-ring of the microcapillary initiator of FIG. 1. FIG. 3B 
is a closeup view of the position of the O-ring prior to 
activation, while FIG. 3C is a closeup view of the position 
of the O-ring following activation. 

FIG. 4A is a perspective view of the header body illus 
trating a croSS-patterned bridge wire configuration including 
first and Second redundant bridge wires, for improved 
reliability, in accordance with the present invention. 

FIG. 4B is a perspective view of the header body illus 
trating a parallel bridge wire configuration including first 
and Second redundant bridge wires, for improved reliability, 
in accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a croSS-Sectional view of a microcapillary 
initiator configured in accordance with the present 
invention, in a dormant State, prior to activation. The ini 
tiator 100 includes a housing 18, for example formed of 
Stainless Steel, of Sufficient Structural integrity for containing 
the reaction of the pyrotechnic charge when activated. While 
the housing 18 may comprise a unitary Structure, the housing 
disclosed in FIG. 1 includes multiple components, for ease 
of manufacturablity and improved reliability. First and sec 
ond body portions, 20, 22 respectively may be welded 
together along Stain 21. An internal housing 30 is Seated 
within the first body portion 20 and a mating header body 32 
is Seated within the Second body portion. A fluoropolymeric 
sealant may be provided between the internal housing 30 
and the first body 20 to prevent migration of moisture into 
the reaction cavity. The first and second body portions 20, 
22, the internal housing 30, and the header body 32 prefer 
ably comprise Stainless Steel So as to provide for Sufficient 
mechanical integrity for confining the release of energy of 
the pyrotechnic charge 36 to within the housing, in order to 
direct the released energy through an exit apperture or outlet 
66, for example via vent tube 46. 
The outlet end of the housing 18 does not disintegrate 

upon activation of the pyrotechnic, as in the conventional 
embodiments. Instead, the energy is confined and focused 
through the exit aperture 66, or, in the case where the vent 
tube 46 is employed, through the exit vent 50 and side vents 
48. 

A ground pin 24 and first and Second contact pins 26, 28 
pass through the first body 20 and through the internal 
housing 30 and the header body 32. The contact pins 26, 28 
are coupled to the ground pin 24 via a bridge wire 52. The 
pins 24, 26, 28 and bridge wire 52 are preferably formed of 
an electrically conductive material that is resistant to cor 
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4 
rosion in adverse environments. The bridge wire 52 is 
preferably insulated from the body of the inner housing and 
contacts the pyrotechnic charge 36. At activation of the 
pyrotechnic charge 36, a Voltage or current is applied acroSS 
the ground pin 24 and contact pins 26, 28. The bridge wire 
operates as a fuse that is shorted by the applied Voltage or 
current, which in turn initiates the pyrotechnic. 

In a preferred embodiment, the bridge wire 52 comprises 
redundant first and second bridge wires 52A and 52B for 
improved reliability in the event of failure of one of the 
bridge wires. The first and second bridge wires 52A, 52B 
may be configured in a croSS-pattern as shown in FIG. 4A to 
more evenly distribute the initial activation of the pyrotech 
nic charge. Alternatively, the redundant bridge wires may be 
configured in a parallel arrangement, as shown in FIG. 4B. 
In the case of redundant wires, the first and Second bridge 
wires 52A, 52B are insulated from each other, and from the 
header body 32. One end of each bridge wire 52A, 52B is 
connected to a contact pin and the other end is connected to 
ground, for example a ground pin. The body of the housing, 
including the header body 32, may be grounded. In a 
preferred embodiment, the bridge wire comprises platinum. 
A glass-to-metal Seal 34, for example comprising an 

epoxy-based thermal plastic elastomer, prevents venting or 
leakage of the activated pyrotechnic charge gasses from 
penetrating the rear of the initiator 100 along the bodies of 
the ground and contact pins 24, 26, 28. 
A pyrotechnic charge 36 is located adjacent the header 

body 32, in direct contact with the bridge wire 52. The 
pyrotechnic charge 36 may comprise cis-bis-(5- 
nitrotetrazolato) tetraminecobalt(III)perchlorate (BNCP), 
zirconium potassium perchlorate (ZPP), titanium-hydride 
potassium-perchlorate (THPP), or lead azide (PbN). 
BNCP is a preferred pyrotechnic, since it is a relatively 

insensitive energetic and therefore is conducive to manu 
facturing and Shipping of product. It is more Stable, yet 
provides at least twice the impetus, or ballistic potential, of 
the other listed pyrotechnics, per unit Volume. This is an 
advantage where size reduction and overall energy content 
are the focus. BNCP further undergoes a deflagration-to 
detonation transition in a much shorter column length rela 
tive to the other pyrotechnics, and therefore is amenable to 
use in smaller devices. In addition, the byproducts of BNCP 
are also leSS harmful to the environment, relative to the other 
listed pyrotechnics. 
A retention sleeve 40, for example formed of nylon, is 

positioned adjacent the pyrotechnic charge 36. The sleeve is 
configured to Seat within the Second housing body 22, and 
to mate with, seams formed in a head portion 58 at a 
proximal end of vent tube 46, in order to secure the tube 46 
in a lateral direction with respect to the housing 18. 
The vent tube 46 includes a head portion 58, as described 

above, a body portion 60 and a neck portion 62. The head 
portion is adapted to mate with the retention sleeve 40, as 
described above. The body portion 60 is adapted to closely 
fit within the inner wall of the second housing body 22. A 
groove 64 is formed in the outer wall of the body portion 60, 
to provide a seat for an O-ring 44. Details of, and the 
operation of, the O-ring 44 are described in further detail 
below. 
An exit aperture 66 is formed in an outer wall of the 

second housing body 22. The neck portion 62 of the vent 
tube 46 extends through the exit aperture 66. An exit seal 68 
may be provided between the neck portion 62 and the inner 
wall of the Second housing body 22 to prevent contaminants 
from interfering with operation of the O-ring 44. 
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The vent tube 46 preferably includes a longitudinal pri 
mary exit vent 50 for directing the activated pyrotechnic 
charge 36 to a location external to the initiator 100. Sec 
ondary side vents 48 may optionally be included in the neck 
portion 62 for providing a more evenly distributed burn of 
the material to be ignited by the released pyrotechnic charge 
about the neck. The vent tube 46 is preferably formed of 
Stainless Steel. 
A tube Seal 42, for example comprising a fluoropolymeric 

Sealant, prevents moisture and other contaminants that 
migrate down the capillary 38 of the vent tube 46 from 
entering the reaction chamber of the pyrotechnic charge. 

FIG. 2 is a cross-sectional view of the microcapillary 
initiator of FIG. 1 immediately following activation of the 
pyrotechnic charge 36. Current, or Voltage, is provided 
between the ground pin 24 and the first and Second contact 
pins 26, 28. This causes a short circuit to occur across the 
bridge wire 52, which, in turn, energizes the pyrotechnic 
charge 36. 

The explosion of the pyrotechnic charge 70 is confined by 
the walls of the housing 18 and focused through the exit 
aperture 66 or vent tube 46. The explosion is accompanied 
by Superheated gases and particulates, which provide for the 
resulting flame 72. The released energy causes the nylon 
retention sleeve 40 and the tube seal 42 to disintegrate. The 
resulting byproducts are carbon-based and are therefore 
benign to the generation of the flame 72. 

The Superheated gases and particulates are directed down 
the primary exit vent 50 and through the secondary side 
vents 48 of the vent tube 46. In this manner the ignition 
flame spread 72 is evenly distributed about the vent tube 46, 
and fully consumes a material that is exposed to the flame 
72, for example a gel or liquid propellant, to provide a 
controlled burn of the propellant with high reproducibility 
and high reliability. 
The initiator design of the present invention, including the 

microcapillary vent tube 46, provides for accurate and 
evenly distributed flame/hot particulate in a pulse type 
pattern. This is a result of the vented primary flash tube 50, 
as well as the side vents 48, which promote such even 
distribution, as a result of hydrodynamic fluid flow charac 
teristics. 

During ignition and burn of the pyrotechnic charge 70 
Superheated gases are released at a high pressure. The O-ring 
44 prevents the gas from escaping from the reaction region, 
a phenomenon referred to in the art as “blow-by', which 
would otherwise reduce the efficiency and reliability of the 
burn. 

In order to prevent or mitigate the occurrence of blow-by, 
an O-ring 44 is provided in a groove 64 formed in the body 
portion 60 of the vent tube 46. With reference to the closeup 
cross-sectional view of FIG. 3A, the O-ring 44 preferably 
comprises first, Second, and third Sub-O-rings 44A, 4.4B, 
44C having minimal to no spacing between each other. 
As shown in FIG. 3B, prior to ignition of the pyrotechnic, 

the first second and third O-rings 44A, 4.4B, 44C are 
compressed into the groove 64 formed in the body portion 
60 of the vent tube 64. The O-rings 44 are compressed into 
the groove 84 between the body portion 60 and the inner 
wall of the second housing body 22. In a preferred 
embodiment, the first and third Sub-O-rings 44A, 44C com 
prise Bakelite and the second O-ring 4.4B comprises Neo 
prene. 
At ignition of the pyrotechnic charge, preSSure is exerted 

on the O-rings 44 by the Superheated, and contained, gases 
70. The applied pressure pushes the O-ring into the gap 72 
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6 
between the inner wall of the second housing 22 and the 
body portion 60 of the vent tube, causing the O-ring 44 to 
obstruct passage of the gas 70. In this configuration, the 
exerted pressure 70 is preferably evenly distributed along 
the side portion of the leftmost O-ring 44A to cause the 
O-rings 44 to be thrust forward and outward and into the gap 
72. Otherwise, the pressure may push the O-rings 44 
inwardly into the groove 64, out of the way of the gap 72, 
which would result in blow-by of the gas 70. For this reason, 
the O-ring groove 64 is preferably wider than the width of 
the O-ring 44 (or the combined widths of the multiple 
O-rings 44A, 4.4B, 44C), as shown in FIG. 3B, in order to 
allow the pressure to reach the inner portion of the O-ring. 

For purposes of the present disclosure, two O-ring designs 
may be considered, both of which meet the reliability 
requirements. In a first design, all of the three Sub-O-rings 
44A, 4.4B, 44C of the O-Ring 44 do not fail under maximum 
allowable preSSure. In a Second design, two of the three 
Sub-O-rings do not fail under the maximum allowable 
preSSure. 

Assume the unreliabilities of the three Sub-O-rings in 
terms of heat content to be: 

where 2, 2, a represent the respective failure rates of each 
Sub-O-Ring 44A, 4.4B, 44C shown in FIG. 3. 

Under the first design, all of the Sub-O-rings operate. This 
is therefore a series system, the reliability G(q(t)) of which 
is represented by: 

Differentiating with respect to 2, , ), respectively 
yields: 

Thus, the Lambert function is used to calculate the ratio 
or percent reliability of each functioning O-ring in the 
System: 

(F) (t)=Ate-o-1'-2'-3) 1-0.1+2+3) (7) 

Under the Second design, two out of the three Sub-O-rings 
do not fail under maximum pressure. The reliability of this 
System is represented by: 

Differentiating with respect to 2, 2, 2 respectively 
yields: 
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The Lambert function provides: 

where i=1, 2, 3 
The multiple-O-ring design, and their location within the 

initiator, therefore provide for increased reliability and a 
reduction of gas blow-by during activation of the initiator. 

In this manner, the present invention provides for a highly 
reliable pyrotechnic ignition System. The mechanical integ 
rity of the reaction chamber ensures that the energy of the 
reaction is directed to an outlet of the chamber. A vent tube 
may be provided at the outlet for further directing the 
released energy to provide a controlled flame Spread that is 
predictable and repeatable. A redundant bridge wire con 
figuration may be provided for improving System reliability. 
BNCP is preferably employed as the propellant, taking 
advantage of its Stability, reliability, and high output power. 
The System is therefore well Suited for application to igni 
tion of liquid and gel propellants. 

While this invention has been particularly shown and 
described with references to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made herein without 
departing from the Spirit and Scope of the invention as 
defined by the appended claims 
We claim: 
1. A pyrotechnic initiator comprising: 
a housing having an inner chamber and an outlet; and 
a pyrotechnic charge within the inner chamber; 
wherein the housing is of Sufficient mechanical integrity 

to withstand internal pressure of the pyrotechnic charge 
when activated, Such that the internal pressure is 
released at the outlet; 

a vent tube in communication with the outlet having a 
longitudinal primary vent for directing activated pyro 
technic charge from the inner chamber through an 
entrance aperture of the primary vent to an exit aperture 
and further having lateral Secondary Side vents in 
communication with the longitudinal primary vent for 
directing activated pyrotechnic charge to the Side of the 
vent tube, the vent tube having a non-threaded interface 
with the housing, 

a groove formed in a first portion of an Outer Surface of the 
vent tube wherein the first portion is within the inner 
chamber; and 

an O-ring positioned in the groove for providing a barrier 
to escape of activated pyrotechnic charge between the 
outer Surface of the vent tube and the outlet. 

2. The pyrotechnic initiator of claim 1 wherein the O-ring 
deforms upon activation of the pyrotechnic charge to Seal a 
gap between the Outer Surface of the vent tube and the outlet. 

3. The pyrotechnic initiator of claim 1 wherein the O-ring 
is of a first width that is less than a second width of the 
grOOVe. 

4. The pyrotechnic initiator of claim 1 wherein the O-ring 
comprises first, Second and third Sub-O-rings positioned 
adjacent each other in the groove. 

5. The pyrotechnic initiator of claim 1 wherein the first 
and third Sub-O-rings are positioned on opposite sides of the 
second O-ring and wherein the first and third Sub-O-rings 
comprise Bakelite and wherein the Second O-ring comprises 
neoprene. 

6. The pyrotechnic initiator of claim 4 further comprising 
a bridge wire for conducting current to initiate activation of 
the pyrotechnic charge. 

7. The pyrotechnic initiator of claim 6 wherein the bridge 
wire comprises first and Second redundant bridge wires. 

(13) 
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8 
8. The pyrotechnic initiator of claim 7 wherein the first 

and Second redundant bridge wires are configured in a croSS 
pattern for distribution of the current through the pyrotech 
nic charge. 

9. The pyrotechnic initiator of claim 6 further comprising 
first and Second contact pins passing through the housing 
and electrically coupled to corresponding first and Second 
portions of the bridge wire for delivering current to the 
bridge wire. 

10. The pyrotechnic initiator of claim 9 further compris 
ing a pin Seal along at least a portion of the bodies of the first 
and Second pins for Sealing the interface between the first 
and Second pins and the housing. 

11. The pyrotechnic initiator of claim 1 further comprising 
a first moisture barrier at the entrance aperture of the primary 
Vent. 

12. The pyrotechnic initiator of claim 11 wherein the first 
moisture barrier comprises a fluoropolymeric Seal. 

13. The pyrotechnic initiator of claim 1 further compris 
ing a retention sleeve in the chamber between the pyrotech 
nic charge and the vent tube, the retention sleeve mating 
with a head portion of the vent tube for securing the vent 
tube in the outlet. 

14. The pyrotechnic initiator of claim 13 wherein the 
retention sleeve comprises nylon. 

15. The pyrotechnic initiator of claim 1 wherein the 
pyrotechnic charge comprises a material Selected from the 
group of materials consisting of cis-bis-(5-nitrotetrazolato) 
tetraminecobalt(III)perchlorate (BNCP), Zirconium potas 
sium perchlorate (ZPP), titanium-hydride-potassium 
perchlorate (THPP), and lead azide (PbN). 

16. The pyrotechnic initiator of claim 1 wherein the 
housing comprises stainless Steel of Sufficient thickness So as 
to contain the energy released by the pyrotechnic charge 
when activated. 

17. The pyrotechnic initiator of claim 1 wherein the 
housing comprises a plurality of body portions that are 
welded together to form the housing. 

18. A pyrotechnic initiator comprising: 
a housing having an inner chamber and an outlet; 
a pyrotechnic charge comprising 

cis-bis-(5-nitrotetrazolato) tetramine cobalt(III) 
perchlorate (BNCP) within the inner chamber; 

wherein the housing is of Sufficient mechanical integ 
rity to withstand internal pressure of the BNCP 
pyrotechnic charge when activated, Such that the 
internal pressure is released at the outlet; 

a vent tube in communication with the outlet having a 
longitudinal primary vent for directing activated 
BNCP pyrotechnic charge from the inner chamber 
through an entrance aperture of the primary vent to 
an exit aperture and further having at least one lateral 
Secondary Side vent in communication with the lon 
gitudinal primary vent for directing activated BNCP 
pyrotechnic charge to the Side of the vent tube, the 
vent tube having a non-threaded interface with the 
housing; 

a groove formed in a first portion of an outer Surface of 
the vent tube wherein the first portion is within the 
inner chamber; and 

an O-ring positioned in the groove for providing a 
barrier to escape of activated BNCP pyrotechnic 
charge between the Outer Surface of the vent tube and 
the outlet wherein the O-ring deforms upon activa 
tion of the BNCP pyrotechnic charge to seal a gap 
between the outer Surface of the vent tube and the 
outlet. 
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19. The pyrotechnic initiator of claim 18 further compris 
ing a bridge wire for conducting current to initiate activation 
of the pyrotechnic charge. 

20. The pyrotechnic initiator of claim 19 wherein the 
bridge wire comprises first and Second redundant bridge 
wires. 

21. The pyrotechnic initiator of claim 20 wherein the first 
and Second redundant bridge wires are configured in a croSS 
pattern for distribution of the current through the pyrotech 
nic charge. 

22. The pyrotechnic initiator of claim 20 wherein the first 
and Second redundant bridge wires are configured in parallel 
for distribution of the current through the pyrotechnic 
charge. 

23. The pyrotechnic initiator of claim 18 wherein the 
O-ring is of a first width that is less than a second width of 
the groove. 

24. The pyrotechnic initiator of claim 18 wherein the 
O-ring comprises first, Second and third Sub-O-rings posi 
tioned adjacent each other in the groove. 

25. The pyrotechnic initiator of claim 18 wherein the first 
and third Sub-O-rings are positioned on opposite sides of the 
second O-ring and wherein the first and third Sub-O-rings 
comprise Bakelite and wherein the Second O-ring comprises 
neoprene. 

26. The pyrotechnic initiator of claim 18 further compris 
ing a first moisture barrier at the entrance aperture of the 
primary vent. 

27. The pyrotechnic initiator of claim 26 wherein the first 
moisture barrier comprises a fluoropolymeric Seal. 

28. The pyrotechnic initiator of claim 18 further compris 
ing a retention sleeve in the chamber between the pyrotech 
nic charge and the Vent tube, the retention sleeve mating 
with a head portion of the vent tube for securing the vent 
tube in the outlet. 

29. The pyrotechnic initiator of claim 28 wherein the 
retention sleeve comprises nylon. 

30. The pyrotechnic initiator of claim 18 wherein the 
housing comprises StainleSS Steel of Sufficient thickneSS So as 
to contain the energy released by the pyrotechnic charge 
when activated. 

31. The pyrotechnic initiator of claim 18 wherein the 
housing comprises a plurality of body portions that are 
welded together to form the housing. 

32. A pyrotechnic initiator comprising: 
a housing having an inner chamber and an outlet; and 
a pyrotechnic charge within the inner chamber; 
wherein the housing is of Sufficient mechanical integrity 

to withstand internal pressure of the pyrotechnic charge 
when activated, Such that the internal pressure is 
released at the outlet; 

a vent tube in communication with the outlet having a 
longitudinal primary vent for directing activated pyro 
technic charge from the inner chamber through an 
entrance aperture of the primary vent to an exit aperture 
and further having lateral Secondary Side vents in 
communication with the longitudinal primary vent for 
directing activated pyrotechnic charge to the Side of the 
vent tube; 

a groove formed in a first portion of an Outer Surface of the 
vent tube wherein the first portion is within the inner 
chamber; and 

a plurality of adjacent O-rings positioned in the groove for 
providing a barrier to escape of activated pyrotechnic 
charge between the Outer Surface of the vent tube and 
the outlet. 
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33. The pyrotechnic initiator of claim 32 wherein at least 

one of the plurality of adjacent O-rings deforms upon 
activation of the pyrotechnic charge to Seal a gap between 
the outer Surface of the vent tube and the outlet. 

34. The pyrotechnic initiator of claim 32 wherein the 
plarality of adjacent O-rings is of a combined first width that 
is less than a Second width of the groove. 

35. The pyrotechnic initiator of claim 32 wherein the 
plurality of adjacent O-rings comprises first, Second and 
third Sub-O-rings. 

36. The pyrotechnic initiator of claim 35 wherein the first 
and third Sub-O-rings are positioned on opposite sides of the 
second O-ring and wherein the first and third Sub-O-rings 
comprise Bakelite and wherein the Second O-ring comprises 
neoprene. 

37. The pyrotechnic initiator of claim 32 further compris 
ing a bridge wire for conducting current to initiate activation 
of the pyrotechnic charge. 

38. The pyrotechnic initiator of claim 37 wherein the 
bridge wire comprises first and Second redundant bridge 
wires. 

39. The pyrotechnic initiator of claim 38 wherein the first 
and Second redundant bridge wires are configured in a croSS 
pattern for distribution of the current through the pyrotech 
nic charge. 

40. The pyrotechnic initiator of claim 38 wherein the first 
and Second redundant bridge wires are configured in parallel 
for distribution of the current through the pyrotechnic 
charge. 

41. The pyrotechnic initiator of claim 37 further compris 
ing first and Second contact pins passing through the housing 
and electrically coupled to corresponding first and Second 
portions of the bridge wire for delivering current to the 
bridge wire. 

42. The pyrotechnic initiator of claim 41 further compris 
ing a pin Seal along at least a portion of the bodies of the first 
and Second pins for Sealing the interface between the first 
and Second pins and the housing. 

43. The pyrotechnic initiator of claim 32 further compris 
ing a first moisture barrier at the entrance aperture of the 
primary vent. 

44. The pyrotechnic initiator of claim 43 wherein the first 
moisture barrier comprises a fluoropolymeric Seal. 

45. The pyrotechnic initiator of claim 32 further compris 
ing a retention sleeve in the chamber between the pyrotech 
nic charge and the vent tube, the retention sleeve mating 
with a head portion of the vent tube for securing the vent 
tube in the outlet. 

46. The pyrotechnic initiator of claim 45 wherein the 
retention sleeve comprises nylon. 

47. The pyrotechnic initiator of claim 32 wherein the 
pyrotechnic charge comprises a material Selected from the 
group of materials consisting of: 

cis-bis-(5-nitrotetrazolato) tetraminecobalt(III)perchlorate 
(BNCP), Zirconium potassium perchlorate (ZPP), 
titanium-hydride-potassium-perchlorate (THPP), and 
lead azide (PbN). 

48. The pyrotechnic initiator of claim 32 wherein the 
housing comprises StainleSS Steel of Sufficient thickneSS So as 
to contain the energy released by the pyrotechnic charge 
when activated. 

49. The pyrotechnic initiator of claim 32 wherein the 
housing comprises a plurality of body portions that are 
welded together to form the housing. 
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